It has recently been demonstrated that histocompatible cells are required for an effective cellular interaction to occur in antibody formation (1-5), in antigen recognition (6) and in production of germinal centers (5). In our previous study (5) it was observed that immunodeficient chicks cannot be completely reconstituted by transplantation of allogeneic bursal stem cells, even though graft-vs.-host disease was avoided. A full functional and morphological restoration of the bursa-derived (B) immune system was found to require identity of the donor and the recipient at loci near to or identical with those determining the major histocompatibility antigens.
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(Received for publication 8 January 1974) It has recently been demonstrated that histocompatible cells are required for an effective cellular interaction to occur in antibody formation (1) (2) (3) (4) (5) , in antigen recognition (6) and in production of germinal centers (5) . In our previous study (5) it was observed that immunodeficient chicks cannot be completely reconstituted by transplantation of allogeneic bursal stem cells, even though graft-vs.-host disease was avoided. A full functional and morphological restoration of the bursa-derived (B) immune system was found to require identity of the donor and the recipient at loci near to or identical with those determining the major histocompatibility antigens.
In human medicine, donors sharing with the recipient one HL-A/mixed leukocyte culture (MLC) haplotype are available for cell replacement therapy more often than two haplotype histocompatible donors (7) . Therefore, experiments have been carried out to examine whether semiallogeneic bursal stem cells are capable of a complete restoration of the bursa-dependent lymphoid system of immunodeficient recipients. This has been accomplished by using two lines of chickens homozygous at the major histocompatibility locus and their F~ hybrids. The results obtained indicate that semiallogeneic stem cells, in contrast to allogeneic ones, are as effective as histocompatiblO stem cells in the long-term reconstitution of B-cell functions.
Materials and Methods
Experimental Design.--Chicks treated with cyclophosphamide were transplanted at the age of 3 days with semiallogeneic bursal stem cells (bursa cells from 3-day old donors). The controls included similar transplantations using histocompafible and allogeneic donors, as well as untransplanted cyclophosphamide-treated and normal birds. 4-5 wk after cell transplantation, the chickens were stimulated with sheep red blood cells (SRBC) and Brucella abortus; antibody responses and histological changes in the bursa and spleen were recorded.
Chickens.--White Leghorn line P and line V chickens as well as their F1 hybrids from our own colonies were used. At the major histocompafibility locus, line P is of genotype B2B 2 and line V of genotype BxsB 15. Specific details for the care and housing of the chickens have already been described (8 autopsies, and microscopic examinations were carried out as done previously (8) . Blood samples for antibody titrations were collected 7 days after the first stimulation and 5 days after the second one. Autopsies were carried out 5 days after the second antigenic stimulation. Tissue sections were stained with hematoxylin and eosin.
RESULTS
Antibody Formation.--For the long-term restoration of antibody formation to SRBC and Brucella, transplantation of semiallogeneic bursal stem cells was found to be as effective as transplantation of histocompatible bursal stern cells (Table I) . Exactly similar results were obtained by transplanting parental cells into FI hybrids as in the reciprocal donor-recipient combinations. In contrast to these results, transplantation of allogeneic stem cells resulted in a complete restoration of antibody formation only to a thymus-independent antigen, Brucella. After the allogeneic transplantation, anti-SRBC responses were significantly restored (P < 0.001 by Student's t-test) only after the first stimulation and only in the other allogeneic combination used, with line V chicks as donors and line P as recipients (Table I) .
Microscopic Morphology--In the restoration of bursal morphology of cyclophosphamide-treated chicks, an equally good effect was found after transplantation of semiallogeneic, histocompatible, or allogeneic bursal stem cells. Use of all three types of cells resulted in a morphological reconstitution of the lymphoid follicles of the bursa. The bursal follicles of transplanted birds had a well developed cortex and medulla, and the occurrence of interfollicular connective tissue was normal, as previously described after transplantation of histocompatible bursal stem cells (8) . In the untransplanted birds, the follicles appeared rudimentary and devoid of lymphoid cells; the interfollicular connective tissue was increased. Effects on the bursal structure are demonstrated in Table II by the relative weights of the bursa which are known to be reliable indicators of the bursal morphology (8) .
Germinal centers are found in the spleen after transplantation of histocompatible bursal stem cells, but not after transplantation of allogeneic bursal stern cells (5) . Also in this respect, transplantation of semiallogeneic bursal stern cells resulted in a similar effect as found after transplantation of histocompatible stern cells (Table II) . In all parental F1 hybrid combinations used, 1st stimulation (both antigens) was given on day 29 after the transplantation and 2nd stimulation on day 36. * Line P is of genotype B2B 2, line V of genotype B15B 15. 2 X 107 bursa cells from 3-day old normal donors were transplanted into age-matched, cyclophosphamide-treated recipients.
:~ If decreased during the experiment, the minimum is given. § Mean log2 titers, including non-responders, are given. Figures in parentheses refer to the percentage responding. the number of germinal centers per cross section of spleen was equal to that found in histocompatible donor-recipient combinations, and significantly higher (P < 0.01) than that found in the allogeneic combinations or in the untransplanted birds. Otherwise, no difference was observed in the lymphoid repopulation of splenic structures after transplantation of semiallogeneic, histocompatible, or allogeneic bursal stem cells. DISCUSSION Our results indicate that semiallogeneic bursal stem cells are capable of a complete restoration of the bursa-dependent immune system of immunodeficient chicks, both in function and in morphology. We interpret these findings to indicate an effective interaction between donor and host cells required for the antibody formation against a thymus-dependent antigen (SRBC) and for the production of germinal centers. Both of these functions are defective after transplantation of allogeneic bursal stem cells (5) . The present findings as such are not applicable to human medicine, since only two lines of chickens with known histocompatibility types were available. They may, however, prove useful for further experimental and clinical studies by demonstrating that the existence of one common major histocompatibility haplotype is sufficient for effective cooperation between cells of host and donor origin. Transplantation of bursa cells provides an ideal model for these kinds of studies, since they are incompetent for graft-vs.-host reactions (5, 10). We found no difference in the effects of semiallogeneic and histocompatible stem cells. These results are in concert with those of Katz et al. (2) (3) (4) who demonstrated excellent cooperative interactions between thymus-derived (T) and B cells originating from parental and F1 hybrid mice. They employed in vivo cell transfer studies as well as in vitro studies using carrier-primed T lymphocytes and hapten-primed B lymphocytes. There are, however, other studies to indicate that a gene dose effect at the major histocompatibility locus could be involved in the regulation of cellular cooperation of immunocompetent cells. This is suggested by a study done by Kindred and Shreffler (1) on the reconstitution of antibody formation to SRBC by nude mice, as well as by a study done by Rosenthal and Shevach (6) on T-cell macrophage interactions in the antigen recognition in guinea pig. In both of these studies, combi-nations of semiallogeneic cells allowed a cellular cooperation to an extent which was intermediate to that found to occur in allogeneic and syngeneic cell combinations. Reasons for this discrepancy remain unclear, and it must be recalled that different experimental approaches in different animal species have been used in all the studies referred to.
In addition to the question of a possible gene dose effect at the major histocompatibility locus in cellular cooperation, there is another unsolved problem. Katz et al. consider that histoincompatibility affects effective interaction of T and B cells in the mouse (2) (3) (4) , and suggest that allogeneic macrophages are as effective as syngeneic macrophages in presenting hapten-carrier conjugates to T and B lymphocytes in the elicitation of secondary antihapten antibody responses in vitro (11) . Also, macrophages necessary for a mitotic response in MLC can be either syngeneic or allogeneic to the responding lymphocytes (12) (13) (14) . On the other hand, data by Rosenthal and Shevach provide evidence that histocompatible guinea pig macrophages are required for antigen presentation in PPD (purified protein derivative of tuberculin)-induced activation of DNA synthesis by immune T cells (6) . On the basis of our present and recent data (5) on the inability of allogenic bursal stem cells to induce formation of germinal centers, we are also inclined to believe that in some situations histocompatibility of macrophages and lymphoid cells is essential for an effective cellular cooperation. This assumption is based on the fact that dendritic macrophages and B cells (15, 16) are known to participate in the formation of germinal centers. It is apparent that a solution of these problems, including differences between species, must await further studies with uniform experimental approaches in the mouse, guinea pig, and chicken.
SUMMARY
For transplantation of semiallogeneic bursal stern cells into cyclophosphamide-treated 3-day old chicks, two lines of chickens homozygous at the major histocompatibility locus and their F1 hybrids were used in reciprocal combinations. The semiallogeneic transplantations resulted in a complete restoration of antibody formation to sheep red blood cells (SRBC) and Brucella, of microscopic morphology of bursa fahricii, and of germinal center formation in the spleen. In contrast, allogeneic bursal stem cells were not effective in restoring secondary response to SRBC and germinal center formation, while they were able to reconstitute anti-Brucella responses and bursal morphology.
These findings indicate an effective cooperation of donor and host cells leading to a complete restoration of the bursa-dependent lymphoid system, when the donor and recipient share at least one haplotype determining the major histocompatibility antigen complex.
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